Cloned cells of the rat kidney fibroblast line designated NRK-49F, which requires epidermal growth factor (EGF), fibronectin, insulin, and retinoic acid for rapid multiplication in serum-free culture, were transformed by polyoma virus. Cells from two independent transformation events were isolated and cloned, as were cells from two corresponding control untransformed cultures not treated with virus. Tests in serum-free culture showed that the two transformed subclones required EGF and fibronectin but not insulin or retinoic acid for rapid multiplication, whereas the two control subclones retained the requirements for all four factors. Although EGF at 10 to 50 ng/ml stimulated the multiplication of all four subclones, EGF at 500 ng/ml strongly inhibited multiplication of the two transformed subclones but not the two control subclones.
The identification of supplementary factors which can replace serum for supporting multiplication and adherence of mammalian cells (Barnes & Sato, 1980) has opened new vistas of experimental investigation. One of the questions which can now be addressed is: does virus transformation of a cell result in any change in the set of supplementary factors required for optimal cell multiplication ? The cloned fibroblast cell line designated normal rat kidney 49F (NRK-49F) (DeLarco & Todaro, 1978) appears well suited for such studies. NRK-49F cells show contact inhibition, do not produce colonies in agar-suspension culture, are readily transformable by virus (DeLarco & Todaro, 1978) , and for rapid growth in serum-free medium when cell input is about 8000 cells/cm 2 or more require only the foUowing four supplementary factors: epidermal growth factor (EGF), fibronectin, insulin and retinoic acid (Bradshaw & Dubes, 1983 a) . The requirement for fibronectin is shown on glass but not usually on polystyrene. We report here the effects of polyoma virus transformation of NRK-49F cells on this set of required supplementary factors.
The basic methods and materials used for serum-free culture were those of Sato and coworkers (Barnes & Sato, 1980) . The specific methods and materials used for the NRK-49F cells have been described (Bradshaw & Dubes, 1983 a) . The serum-free medium used to grow NRK-49F ceils has been designated DHR and is based on a 1 : 1 (v/v) mixture of Dulbecco's modified Eagle's medium and Ham's F-12 medium supplemented with the following four growth or adherence factors at the concentrations indicated: EGF, 50 ng/ml; fibronectin, 5 ~tg/ml; insulin, 8 txg/ml; retinoic acid, 50 ng/ml (Bradshaw & Dubes, 1983a) . The sources and lots of the four factors and the kinds of containers used for serum-free culture (polystyrene wells and glass ampoules of bottom areas 0-32 and 0-70 cm 2 respectively) were the same as before (Bradshaw & Dubes, 1983a) .
We re-cloned the NRK-49F cells by the single-cell plating method (Cooper, 1973) . Cloning medium was a 1:1 (v/v) mixture of (i) fresh medium DH (Bradshaw & Dubes, 1983a) supplemented with 5~ (v/v) calf serum and 2-5~o (v/v) foetal bovine serum and (ii) medium Insulin (gg/ml) Retinoic acid (ng/ml) Fig. 1 . Dose-response curves of NRK-49F subclones to EGF, insulin and retinoic acid. Cells were planted at 3000 viable cells/well, and cell yield was determined after 3 (O) or 4 (VI) days. In each case, the concentrations of the other three supplementary factors were as in medium DHR, except for the 4-day tests, where EGF, fibronectin and insulin were ~t 40 ng/ml, 10 gg/ml and 5 ~tg/ml respectively. Each 3-day curve is based on pooled data from two experiments, with each experiment being done in triplicate wells. Each 4-day curve is based on one experiment done in triplicate wells. Means + their standard errors are shown. For data pooled from two experiments, the mean was calculated from the sum of the individual determinations in the experiments and the standard error was calculated from the pooled intra-experimental variance (Snedecor & Cochran, 1967) .
RCF (Bradshaw & Dubes, 1983 a) which had been conditioned for 1 to 4 days by NRK-49F cells. The ceils of the clone, designated A, were very similar in cell and colony morphology to the original NRK-49F cells.
Polyoma virus strain LP147-2 (Soeda et al., 1978) was a generous gift from Dr G. Kimura, Kyushu University. Stocks of this virus were grown and titrated by plaque formation in primary mouse kidney cell cultures. Control lysates from uninfected mouse cells of the same batch were prepared in parallel.
Subconfluent cultures of NRK-49F clone A cells were inoculated with polyoma virus at a multiplicity of 17 to 25 p.f.u./cell. After periodic feeding and subculturing by trypsinization, transformed cell colonies, recognized by multilayered growth, appeared in the cultures. Corresponding cultures inoculated with the control lysates from uninfected mouse cells showed no transformed foci. Transformed cells were isolated from two independent treatments of clone A with polyoma virus. An isolation of control untransformed cells was made in parallel with each of the two isolations of transformed cells, using the same procedures except that the inoculum was control lysate. The four sublines were cloned by the single-cell plating method; in each case, the cells used to condition the medium for cloning were cells of the subline being . Cells were planted at 3000 viable cells/well, and cell yield was determined after 3 days. Each mean value is the geometric mean of the cell counts from quadruplicate wells. The error bars show the standard error of the mean.
cloned. The transformed subclones were designated APyl and APy2, the controls AC1 and AC2.
Tests of (i) growth in media of low serum concentration and (ii) anchorage-independent growth indicated that APyl and APy2 had properties associated with transformed cells. The ratio of cell growth or yield in medium with serum at ~< 1 ~ (v/v) to growth or yield in medium with 10~ (v/v) serum was higher for APyl and APy2 than for AC1 and AC2. Tests for anchorage-independent growth (Shin et al., Like the original NRK-49F cells, all four subclones were found to grow rapidly in serum-free medium DHR when cell input was about 8000 cells/cm 2 or more and showed cell cooperativity for multiplication in serum-free medium when cell input was less than about 8000 cells/cm 2 (Bradshaw & Dubes, 1983a) , with cell yield being proportional to approximately the 2-4 power of cell input in this low cell-input range.
All four subclones showed a requirement for fibronectin when tested on a glass substratum, as previously described (Bradshaw & Dubes, 1983a) . For EGF, insulin, and retinoic acid, tested using polystyrene, does-response curves were determined for each subctone (Fig. I) . We conclude from the results shown in Fig. 1 , the results from other experiments in which the three factors were individually omitted from medium DHR, and the results of the fibronectin tests that APyl and APy2 have retained the requirements for EGF and fibronectin but not for insulin and retinoic acid, whereas AC1 and AC2 have retained the requirements for all four factors.
When both insulin and retinoic acid were omitted from the serum-free medium, APyl and APy2 still grew just as well as when these two factors were present (Fig. 2) . In contrast, growth of AC1 and AC2 was severely depressed when both of these factors were omitted.
The data of Fig. 1 also revealed another difference between the transformed and control subclones : the multiplication of APyl and APy2 but not AC1 or AC2 was strongly inhibited by EGF at the high concentration of 500 ng/ml.
Others have reported effects of virus transformation on the requirement for an individual supplementary factor for cell multiplication or on the set of such required factors. Some of the studies were done using serum-containing media, thus making unlikely the detection of a gain or loss in requirement for a factor at high concentration in activity units per ml serum. In some studies, cells from only one transformation event were tested, or the control cells had not been passaged in parallel with the transformed cells; in these cases, the possibility that one or more of Short communication :~ Cells were grown in medium with serum. One day later, the medium was replaced by serum-free medium. § Fibroblast growth factor. li Platelet-derived growth factor. ¶ High-density lipoprotein. The requirement for HDL was lost by two of the five transformed clones tested. ** Insulin was still required, but the concentration required was decreased 50-fold.
the reported losses or gains of requirements for supplementary factors were fortuitous and not related to virus transformation must be considered. Despite these difficulties in interpretation, a tabulation of results (Table 1) shows a unifying trend: transformation appears to be much more likely to result in a loss than in a gain of a requirement for a supplementary factor. The lifting of the restraint of requiring a full set of controlling growth factors for cell multiplication may be an important basic reason for the relatively uncontrolled growth of virus-induced tumours.
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